Abstract. This paper presents a modular method to construct the postprocessor system for a novel hybrid parallel-serial five-axis machine tool. A hybrid parallel-serial mathematic model was introduced to analyze the structural configuration. The configuration decomposition of machine tools is employed to create the kernel of postprocessor. The proposed modified D-H notation and screw theory are used for coordinate conversion procedure and then an algorithm for developing the inverse kinematics of five-axis machines was carried out. CL path is converted to produce NC Code and been loaded into the controller for machining. This proposed algorithm can be easily adapted to convert between CL path and NC code and be implemented on computerized CAD/CAM systems. Examples with side-milling tools are demonstrated and real cutting parts are implemented for verifying the algorithm.
Introduction
Generally mechanical kinematics is divided into two categories, direct kinematics and inverse kinematics. Inverse kinematics the location of the end-effector is given and the target is to find the joint variables. In the direct kinematics the joint variables are given and the problem is to calculate the position of the end-effector [1] [2] [3] [4] .
Owing to the simultaneous interpolation movement both with the linear and rotary axes on a fiveaxis machine, the derivation of the five-axis feeding path is more complex than that of the threeaxis feeding path. Therefore a postprocessor must be utilized to transfer the cutter location (CL) data from the CAM system into the machine control data. Although the advanced controllers can accept the CL data to machine the working piece in real-time without the need of postprocessor [5] , they are relatively expensive and only used in some specific works. The postprocessor may be positioned within the flow chart shown in Fig. 1 , which illustrates the concept that the postprocessor is not definitely a part of the CAM system, but can also be a stand-alone system.
Hybrid Five-Axis Machine Tool. Simplified the structure, a machine tool may be regard as a set of links joined in a set of connectors. Standard definition of five-axis machine coordinate frame consists of the X, Y and Z axes in right-hand rectangular coordinates. The rotary axes are defined as A axis, B axis and C axis which rotate about the X axis, Y axis and Z axis respectively.
The mechanical model of the proposed five-axis machine tool considered in this paper as shown in Fig.1 , is the basic option of the planned reconfigurable multi-axis machining system for HSCmilling of aluminum, epoxy tooling board as well as small size model making, plastic and foam machining. The machine has a two-DOF structure of parallel type to execute one translational motion and rotational motion on working table. Compare with the general commercial machine tools, the proposed machine is similar to the type of Rotary Table and Pivoting Spindle Head. (4), it is clear that the inverse kinematics equations can be found as follows
From Table 1 , the solution to the inverse position kinematics problem for such a structure is summarized as: parameter 2 b represents the freedom of X-axis, 3 b represents the freedom of Yaxis, 4 b represents the freedom of Z-axis, 2 θ represents the freedom of B-axis, and 1 θ represents the freedom of C-axis, respectively. From the proposed 5-axis mechanism, if
as a CL position vector in the work piece space, and
as a joint variable vector in the joint space. As described above, the forward kinematics equation can be derived as ) (q f p = , the differential relationships of the kinematics is written asJ p δ δ
is the Jacobian matrix. Based on Eq. (4), the Jacobian matrix can be calculated. 
